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ULTRAVIOLET DATA

72-065A-01A

This data set has been restored. There were originally 10 Binary

9-track, 1600 BPI tapes. There are three restored tapes. The DR

tapes are 3480 cartridges and the DS tapes are 9-track, 6250. The

tapes were created on a 360 computer. The DR and DS numbers along

with the corresponding D numbers and the time spans are as follows:

DRi#
DR0O3544

DRO3545

DR03546

DS#
DS03544

D503545

DS(03546

DD#

D-31177
D-31178
D-31179
D-31180
D-33812
D-35151
D-37203
D-41931
D-46627
D-46628

FILES

1-91
92-260
261-543
544-872
1-232
233-397
398-566
567-713
1-157
158-321

TIME SPAN
08/27/72 - 07/30/73
08/03/73 - 07/31/74
08/01/74 - 07/30/75
08/02/75 - 07/30/76
08/01/76 - 01/31/77
02/01/77 - 07/31/77
08/01/77 - 01/31/78
02/02/78 - 07/29/78
08/01/78 - 01/31/79
02/01/79 - 07/29/79




ORO 3
TAU SCORPII UV SPECTRAL ATLAS,TPE

72-065A-01B

This data set has been restored. There was originally one
9-track, 1600 BPI tape written in Binary. There is one restored tape.
The DR tape is a 3480 cartridge and the DS tape is 9-track, 6250 BPI.
The original tape was created on a 360 computer and the restored
tape was created on an IBM 9021 computer. The DR and DS numbers along

with the corresponding D number are as follows:

- - ———rn e n- - - - -

DRO0O48B41 DS004841 D030551 1-2




REQ. AGENT RAND NO, ACQ. AGENT

1, -

i CMP RC8424 WSC
| CAW RD0217
CMP RD2321

UV DATA OF STELLAR OBJECTS
AND
SPECTRAL ATLAS OF TAU SCORPII
72-065A-01A

» 72-065A-01B
)
'
There are 9 tapes for 0AO-C UV data (72-065A-01A) and 1 tape for 0AO-C
Spectral Atlas data (72-065A-01B). The tapes are 9 track, 1600 bpi, Binary, and
multifiled. They were created on the 360/75 computer. There is a program in the
tépe library (SCORPI) that is to change the printout into a list type format. The

(_”—" tape formats are different for each data set and they are on the following pages.

72-065A-01A

D# C# FILES TIME SPAN

D-31177 C-20127 91 08/27/72-07/30/73

D-31178 €-20128 169 ‘68/03/73-07/31/74

D-31179 C-20129 283 08/01/74-07/30/75

D-31180 €-20130 329 08/02/75-07/30/76

D-33812 C-20675 323 08/01/76-01/31/77

D-37203 C-21012 169 ~ 08/01/77-01/31/78

D-35151 C-21016 165 02/01/77-07/31/77
*D-46627/ C-21795 157 08/01/78-01/31/79

f:jj” * D-46628 ¢-21796 164  02/01/79-07/29/78

* These tapes are not in the twos complement format.

72-065A-01B °

D-30551 C-19639 2 949 - 1420 Angstroms
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TAPE FORMAT F,M WJ

0AC-C
72-065A-01A

This data set consists of a 9-track, 1600 BPI, Binary tape created on
the IBM 360 computer, with a physical blocksize of 7294 bytes. The tapes
7 /WQLQ}t a. Each logical record consists of a 13 ﬁord header
and an array of scan information coﬁtaining a variable numbef of worﬁs. An
array contains wave length and count information in pairs of words. Therefore,
an array of 60 data points is actually 120 words.

The G.M.T. of the Observation, and the wavelength and count information
(in the arrdy and header) are in g's complemeﬁt format. That is, if the
first bit of the word is on, the entire word is complemented.  This is easily
done by breaking the wérd down into bits and reversing them. (0to1l, 1 to 0.)

Example - s

“’.x \..w

LT x*Y) B35A6421
@011P011p101ﬁ01op11op100001q0003 N
2's compl, = 01oo/u00/1010/0101/1001/1011/1101/1111*

= 4CAS9BDF

"* note - because this is 2's complement, one is added to the number. Therefore,

instead of the last digit being an 'E', it is now an 'F'.
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WORD

7(Bits 23-32)

(Bits 1-22)

8(Bits 23-32)
(Bits 1-22)

10(Bits 1-14)
(Bits 15-28)

(Bits 29-31)
(Bits 32)
11(Bits 1-14)

(Bits 15-28)

(Bits 29-31)
(Bit 32)

1) DESCRIPTION | {;é/7vukf' éD-Ef

360 control word
360 control word

STARN _ _ Star observation no. (floating point)
INFO1 VVSSSSNNNT -
V¥V = S.E.T. clock reading at L.A.N.
SSSS = No. of points in data scap

= NTUBE = Photomultiplier tube no.

INFO2 - +/-LLLLL00000
LLLLL = Longitude of ascending node (LAN)
of orbit
00000 = Orbit in which data was dumped

INFO3 +/-YDDDHHMMSS (GMT of LAN)
+/-Y = Year no. code
DDD = Day
HH Hour
Minute
SS Second
! See appendix A for computing GMT of observation

i N u

TIME First time for this scan in S/C equivalent t1me
(S.E.T.} from L.A.N.

WL ' First wavelength for this scan for the 4 moving .

tubes (*1000).
See Appendix B for computing time and WL

TIME Last time for this scan in S.E.T.s from LAN
WL Last wavelength for this scan for the 4 moving
' tubes (*1000).

INFO6 PPPPEEWWYY
PPPP = Sat. orbital parameter
EE = Earth orbital parameter
WW = Not used
YY = used as part of year no. code (in INF03)
for years ' 1975

TOTAL Total observed counts
BKGND Sum of the 3 components of the backgrond
noise estmate
STATUS 3 status flags
SIGN Sign bit (not used)
See appendix C for computing counts
TOTAL Sigma & average counts
BKGND Sum of the 3 components of the background noise
_ estimate
STATUS 3 status flags

SIGN Sign bit (not used)

-




WORD

12
13
14

15
16
17

18---N*2

19---N*2

1]
INFO9
INFO10

INFO11

INFO 12
CONTROL WORD

N

IWLT

ICNT

DESCRIPTION

;

PGM in EBCDIC
1111223344 = comment codes

YYDDDDD ' .
YY = Reduction year

DDDDD = Reduction day & fractzon [*100)

(Contains no 1nfo)

#Bytes in scan array to follow
- v .,“ .
# of data points in the scan

e ——EITT

'Integer array 'N' words long .

(same format as word #7-see appendix B)

Integer array 'N' words long
(same format as word #10-see appendix C)

Formit p3




APPENDIX A

GMT OF OBSERVATION

The GMT of observation (in 2's complement) is found by adding the

GMT of L.A.N. (Word 6} to IFIX (S.E.T. in word 7 * 15.72887‘+ 0.5),

Example -
GMT of L.A.N. {word 6) = B616029916
Y DDD HH MM SS
2's complement = -49E9FD67,. = -1/240/07/15/27
IFIX = S.E.T. (word 7-see appendix B) * 15.72887+0.5

= 301, * 15.72887+0.5 = 4734, sec's.

GMT of Observation = -1240071527+4734 sec's

= -1 240 08 34 21

The year code is as follows:
If Y .LT.0 - Year is 1973
IfY .LE.-1 - Year is 1972
If Y .GT. 0 - Year is 1974

1f Y .GE. 1*10**9 - Year is 1975.+ word 9(100)
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APPENDIX B

WAVELENGTH § S/C EQUIVALENT TIME (S.E.T.)

WLTIME (IWLT) in words 7 and 8 of the header and IWLT (1) ... IWLT N
in the scan arrays are 2's complement numbers coﬁputed as follows:
Example 9‘

IWLT(1) = CB6221;}15
2's complement = -349!)DEF816

The low order 22 bits is the wavelength -
-00/1101/001@[@1/1101/1101/1110/1111/1000
Wavelength = 1DDEFS . = 1057624 (+1000) = 1957.624
The remaining 10 bifs is time in S.E.T.
-00/1101/0010 .
-D2 = -210

o 11 is added to utilize the sign bit

S.E.T. = -210 + 511 = 301,




APPENDIX C

COUNTS

Counts, background, and status (in 2's compiement) are computed from
words 10 and 11 of the header and ICNT(1)....ICNT(N) in the scan arrays.
Counts is. found by taking the appropriate pscale array mmber (see below)

s

* total observed counts.

PSCALE (6)/2,4,8,16,32,32

A LN
The appropriate PSCALE array number depends gh the NTUBE number .is”
word 4 of the header. On the sample tape, in the first logical record, .

the NTUBE #=4. Therefore the PSCAL #=16.

Example -
ICNT(1) = 00000A4C, . (1st bit off- no complemented required)
Theylow order 14 bits is total observed counts -
0J000]00/0000/0000/0000] 00/1010/0100/1010
| 0A4C)q = 2636,
Counts = 16*2636 = 42176.
The next 14 bits is the sum of the 3 components of the background
noise eStimate - | |
Background = 0 \
The next 3 bits contains the status flags

Bit 32 is a sign bit and is not used




“THE COPERNICUS ULTRAVIOLET SPECTRAL ATLAS OF TAU SCORPII"
Description of the Magnetic Tape Version

T3- 06354013

The tape contains two files. Both files may be read in the same way. The tape

is 9 track, 1600 BPI and the IBM Data Control Block is:
DCB= (RECFM=F8 , LRECL=676 ,BLKSI ZE=6760, DEN=3)
FILE ONE: This is the second order spectrum (948.7358 - 1420.5103) .
can be read using repeated reads of the form:
READ(10,601)N, (IW(I),1C(X) ,IB1(I),IB2(1),ICN(I),

A IBN1(I) ,IBN2(I),I=1,N)
601  FORMAT(169A4)

The tape

Note that this amounts to a formatted "binary" READ. All variables on

the tape are integers (INTEGER*4), Hopefully, this coding will allow

all users to read the tape easily, regardless of their home installation.

It does, however, require that the variables be rescaled and returned

to floating point form before use.

The varilables on the tape have the following meaning:

N: The number of sets of data in a given "READ". N is always 24

except for the last record on a file.

IW: The wavelength of a data point in milli-Angstroms.

It may be

converted to the Atlas wavelength by dividing by 1000.0.

IC: The corrected count rate for that wavelength point, multiplied
by 10.0 and integerized. The scattered light has not been
subtracted from IC. Dividing IC by 10.0 will return it to the

count scale tabulated in the Atlas.

IBl: A scattered light estimate for that data point multiplied by
10.0 and integerized. This is the estimate derived by
Rogerson and Upson and discusged by them in the Atlas. IBl
should be divided by 10.0 to return it to the scale of the

counts in the Atlas.

IB2: Another scattered light estimate multiplied by 10.0 and
integerized. This estimate is derived using the algoritim of
Ralph C. Bohlin (see Atlas for discussion and references).
IB2 should also be divided by 10.0 to put it on the correct

acale.




IBN1:

IBN2:

This is the normalized count which is plotted in the Atlas
(so that the top of each plot is unity) multiplied by 10000.0
and integerized. Dividing IGN by 10000.0 will return it to

a scale of 0.0 to 1.0. -

This is the scattered light discussed in IBl normalized
using the same normalization factor as for ICN, multiplied
by 10000.0 and integerized. Dividing IBN1 by 10000.0 will
place it on the same scale as shown in the plots.

'IB2 normalized and integerized in the same way as discuseed

above for IBN1.

FILE TWO: This is the first order spectrum (1418,187X - 1560.372A). The con-
struction of this file and the definition of the variables contained
in it is identical to FILE ONE except that the variables IB2 and IBN2
contain "0"s since there is no alternative calculation for the scattered
light in this part of the spectrum.




THE COPERNICUS ULTRAVIOLET SPECTRAL ATLAS OF TAU SCORPII
by
JOHN B. ROGERSON, JR. and WALTER L. UPSON, II

Princeton University Observatory
Received:

ABSTRACT

An ultraviolet spectral atlas is presented for the BO V star, Tau Scorpii.

It has been scanned from 949 to 1560 Angstroms by the Princeton spectrometer
aboard the Copernicus satellite. From 949 to 1420 Angstroms the observations

have a nominal resolution of 0.05 Angstroms. At the longer wavelengths, the

resolution is 0.1 Angstroms. The atlas is presented in both tables and graphs.




I. INTRODUCTION

The successful 1aﬁnching in August 1972 of the Third Orbiting Astronomical
Observatory (now called CoEefniéus) made possible the acquisition of high
resolutién stellar spectra at ultraviolet wavelengths not accessible to
ground observatories. Thé present atlas ﬁas been prepared ln the belief
that high resolution ultraviolet spectra éf good photometric quality could
be & useful new resource for the astronomical community.

Tau Scorpii was the firét star chosen for an atlas because a) it is
an early, bright, little reddened star which provides ample flux in the far
witraviolet for a good signal to noise ratio, b) its spectral lines are
essentiaily unbroadened by rotation ﬁnd thus it makes good use of the high
resolution of the instrument, ¢) it has been well studied in the visible
(see Hardorp.and Scholz, 1970 and furthér references cited therein), and
d) it is the prototype BO V star and thus intrinsicslly of interest to
astronomers as a standard star. Basierdata for Tau Scorpii are collected
in Tabie 1. |

The conditions under which the observations were made are discussed in
section II.. The determination of the wavelengfh scale is considered in
section III. Photometric reductions are discussed in section IV, and the

‘atlas is described in section V.




II. OBSERVATIONS

The data for this atlas have been obtained with the Ul photomultiplier
of the Coggrnicus spectrometer (Rogerson, Spitzer, gﬁ_&i. 1973) during
four observing intervals between July 2 and August 27, 1973. The spectrum
1s scanned stepwise with the stellar photons being detected by a windowleés
photomultiplief. The resulting photoelectrons are counted for approximately
13.76 séconds at each measurement point. In this manner the second order
spectrum has been scanned from 948.7 to 1420.6 B, and the first order spectrum
h;s been scanmed from 1418.2 to 1560.2 K.

The spectral resolution is limited by.the width of the spectrometer
entrance slit. The image of the entrance élit in the spectrum corresponds
to & constant bandpass of .050 £ in the second order and 0.101 £ in the
first order. 1In contrast, the bandpass of the scanning slit, which defines
the wavelength interval admitted to the Ul photomultiplier, varies with wave-
length though it never exceeds 0.043 R in the second order wavelength region
or 0.091 & in the first order region. The'spectral resolution is therefore
aestimated to be approximately 0.050 £ in the second order spectrum and 0.101 )
in the first order spectrum. This is consistent with the result by Spitzer
and Morton (1976) who find from observations of weak interstellar molecular
hydrogen lines in the spectrum of Delta Persei that the second order apparatus
Tunction can be represented as & Gaussian profile with a full width at half
maximum of 0.051 R,

During the scanning of the spectrum, the carriage for the U2 photomultiplier

wes suitably positioned to shield the Ul photomultiplier from a known source




i

- of stray light (Rogerson, York, et al. 1973). The signal from the stationary

U2 has been used to correct the spectral data for changes in the amount of

starlight entering the spectrometer due to small guidance variations. This

technique for the compensation of input 1ight variations works best when the

monitor and scan phototubes view the grating from the same direction. For
this reason U2 was repositioned each time Ul had scénned about 25 Angstroms.
The original datas set thus consisted of 32 consecutive Ul spectral segments,

each with U2 fixed at a different position in the spectrometer,

I




ITI. WAVELENGTH REDUCTIONS

At each spectral meaéurement point an encoder value has been recorded.

gl
[ .

These encoder values measure the position of the scanning s1it in the spectrum
and are converted into wavelengths by means of a calibration algorithm. The ;
algorithm is & mathematical description of the relation between encoder value |
and wavelength taking into account the geometrical optics of the spectrometer

and the geometry of the scanning mechanism. Several adjustable parameters
corresponding fo physical lengths and angles in the spec%rometer have been
optimized by comparing the observed encoder values for a number of interstellar
absorption lines with their velocity-corrected wavelengths. A small, theo-
retically-predicted temperature correction is also included and is applied by
using periodically-recorded spectrometer temperature data from the satellite;

The encoder value for each measurement was converted by the calibration
algorithm, and the resulting wavelengths were reduced to a frame of reference
fixed in Tau Séorpii by correcting for Doppler shifts due to a) the heliocentric
radial velocity of Tau Scorpii, b) the component of the earth's heliocentric
orbital velocity in the direction of Tau Scorpii, and c) the component of the
satellite's geocentric orbital velocity in_the.direction of Tau Scorpii.

For an overall check of the wavelength calibration, the wavelengths of
numerous identified absorption features in the spectrum of Tau Scorpii were
compared with their laboratory values. From 950 to 1350 R (the region containing
the interstellar absorption lines used to optimize the calibration algorithm) the
observed wavelengths were found to be systematically smaller than the laboratory
wavelengths with the difference varying slowly along the spectrum between 25
and 35 milliangstroms. At wavelgngths greater than 1350.3, the magnitude qf

the difference begins to decrease rapidly, changing sign near 1385 2 and
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reaching nearly 150 milliangstroms at 1419 8. Evidently the calibration
algorithﬁ is subject to some error. Thesq_wavelength'differences have been
used to correct the observed wavelengths and to §bﬁain the values reported
in this atlas.

There remain observed random differences between wavelengthe of spectral
features seen in.the atlas and 1dboratory wavelengths of the transitions with
which they are identified. These differences are nearly always smaller than
10 milliangstroms and are not well understood, but possible sources include
guidance and temﬁerature variations, quantization noise of the position encoder,
errors in the obsérved wavelengths due to undetected blending, misidentification

of the observed features, and small errors in the laboratory'wavelengths.
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IV. PHOTOMETRIC REDUCTIONS

The variation of the instrument sensitivity with wavelength 1s not well %
known, and consequently no attempt has been made to normalize the observa- ?
tions to a constant sensitivity condition. This atlas should therefore not
be used to estimate the general shape of the ultraviolet continuum of Tau
Scorpi;, but it is entirely suitable for investigation of the line spectrum.

The counts detected at each measurement point reflect the flux in the
stellar §pectrum but are also affected a) by a background due to cosmic rays
and trapped ions from the lower Van Allen belt, b) by how well the ’
guidance.system keeps the star image centered on the spectrometer entrance
8lit, and c) by scattered light within the spectrometer, Corrections for
these three effects are considered below. The counts may also be affected
by the strength and direction of the magnetic field in which the photomultipliers
find themselves, but the behavior of many repeated U2 counts at a fixed point in

'the spectrum suggests this effect must be small. This is presumably also true

for Ul which is physically identical and operated identically.

Cosmic Rays and Charged Particles

This source of background count has been carefully studied by York and -
Miller (1974) using counts obtained when starlight was not entering the
spectrometer. The cosmic ray flux depends mainly on the geomagnetic latitude

of the satellite, while the trapped particles are primarily concentrated in

e

the South Atlantic Anomely. In addition, some of the dats photomultipliers
bave windows that fluoresce for some time following a heavy exposure to the
charged particles with the result that the background for these tubes at a
particular time depends not only on the current particle flux‘but also on

their recent exposure. Although the data for this atlas do not depend on

these fluorescing tubes, the background counts for all tubes are estimated by




the same procedure. Under these circumstances it is expedient to designate
the position of the satellite by the longitude of the ascending Rode of the
orbit and the time after passage of the satellite tﬁrough this node. Using
this coordinate system insures that each time the saﬁellite reaches a ce:tain
coordinate pair, it will have had the same recent history of cosmic ray and
trapped particla flux exposure. The study by York and Miller shows that the
background counts are quite reppatable (within expected statistical fluctua-
tions) over time intervals that are long compared to the Tau Scbrpii observing
interval when using the above-described coordinate system. Armed with this
empirical result, a table was prepared giving the expected background count
as & function of the satellite coordinates, and this table was then used in

removing the background count.from each measurement.




Guidance Variations

In spite of an excellent guidance system, changing external torques
operating on the satéllite cauge the stellar image to drift about on the
entrance siit of the spectrometer. The result is that the amount of
stellar flux entering the spectrometer slowly changes, giving rise to
variations in the observed spectrum which have no counterpart in the star's
intrinsic sbectrum. These variations may be as great as 10%. This effect
can be corrected with the help of the signal from U2 whicﬁ, a8 noted before,
is held fixed so that its output signal provides information on‘the variation
of stellar flux entering the spectrometer. Fach Ul count is corrected for
guidance drift by dividing it by the simultaneously-acquired U2 count and
multiplying it by the average of all U2 measurements made with U2 held fixed
in position.,

While the correction procedure is straightforward in theory, there are
four operations that must be performed on the U2 counts before they can be
used to correct for guidance variation. First, the cosmic ray and charged
particle background must bé removed. This is abcomplished in the same manner
as described above for Ul. Second, while U2 is held fixed in the spectrometer,
its wavelength is not quite fixed in the star's spectrum. This is caused by
‘the changing Doppler shift mainly due to the orbitalfmotion of the satellite.
The component of the sateliite velocity in the direction of the star is known
for each measurement and hence the instantaneous wavelength being observed by
U2 can be calculated. 1In order to predict the U2 count variations due to the
changing wavelenéth, the Ul spectrum in the neighborhood'of the U2 position has

been numerically degraded to the U2 spectral resolution (nominally 0.2 Angstroms).
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This degraded Ul spectrum gives the local sPectfal variation of the U2 signal

* and allows the U2 counts to be corrected to what they would have been in the
absence of a variable Doppler shift. The correction is generally quite small
since the satellite velocity range of * 7.5 km st 1s small compared to the U2
resolution of about 50 km s, Nevertheless in & few monitoring positions the
U2 s1it was unintentionally fixed near tﬁe edge of a strong absorption feature
and theldeduced corrections are not negligible. Third, the corrected U2
signal still conteins a noise component which is mainly statistical. Since
the guidance variations have & slow time scale (that of the satellite orbital
pefiod}, we have smoothed the high frequency noise in the U2 signal leaving
intact the 1§w frequency guidance-induced variations. Fourth, a possible
systematic error exists in the guidance correction précedure. The average U2
values for each monitoring position do not necessarily reflect the same average
quality of guidance i.e., the total stellar flux passing the entrance slit,
averaged over the time interval that U2 is in one monitoring position, may
differ from that at another monitoring position. 1In order to fit togethef the
various spectral segments, the average U2 signals must be corrected for varis-
tions in average guidance quality at each fixed position.

This correction was made by forming the ratio of U2 signals (corrected as
above) near spacecraft midnight for consecutive U2 positions. This ratio is
assumed to be the correct intrinsic ratio since it is measured under approximately
the same orbital configuratiAn during & time (midnight)} when guidance perturba-
tions due to scattered light are at e minimum. This ratio was then used to
correct the average U2 signals to the same quality of guidance.

The corrected and smoothed U2 signal finally was used to monitor and
remove the guidance variations in the Ul gignal. The seﬁarate spectral segments

-~ then formed one continuous spectrum.

o —— e A —— s




Scattered Light

Finally, the Ul counts must be corrected for scattered light within the
spectrometer. This component of the observed counts may be estimated with
the help of & number of interstellar absoiption features which appear to be
‘saturated. The residual signal in the saturated core is assumed to be due
only to scattered light at the wavelength of the feature. The interstellar
features that have been used for the scattered light analysis of the second
order spectrum are listed in Table 2.

While studying interstellar absorption at Lyman Alpha, Bohlin (1975)
found the Ul scattered lightAto be linearly propdrtional to the strength of
the local spectrum averaged over & 2hﬁAngstrom_band centered on the wavelength
of interest. Scattered light values, predicted according to Bohlin's methpd,
were compared with the observed values given in Table 2, and while the dependence
on the local average is quite evident, the detailed agreement was of inadequate
quality for the purposes of this atlas. Attempts to modify Bohlin's formulation
to improve the detailed agreement over the whole second order spectrum were only
partially successful, though-it was found that an 18-Angstrom average is some-
what superiof to the 24-Angstrom average. The following procedure was adopted.
Between consecutive saturated interstellar absorption lines, the scattered
light is presumed to be equal to & constant plus a coefficienf times the local
18-Angstrom average. The measured residual signal in two consecutive lines
then uniquely determines the constant term and the coefficient for that interval.
Scattered light values were then computed every five Aﬁgstroms throughout the
second order spectrum (see Table 3a). If the scattered.light is adequately
represented by a linear function of the 18<Angstrom average, the uncertainty

in the tabulated values is due to the statlstical errors'in the counts measured

BT T
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in the cores of the saturated features. The error in each core count is
taken to be the square root of thé measured count divided by -Jif where

N is the number of points used to.determine the average core count. Thése
data indicate that the uncertainty in the scattered light'estimate is

under 5% for all wavelengths up to 1335 R, but since the estimates are
extrapolated longward of 1335 R, the uncertainty grows and reaches nearly
144 at 1420 £. Scattered light estimates for arbitrary wavelengths found

by linear interpblation in the data of Table 3a can be applied directly

to the data in Table 5.

| The scattered light in the first order spectrum is more difficult to
estimate. There appears to be only one saturated interstellar feature avail-
able; this is due to Si II, at 1526.719 Angstroms with a residual core signal
of 148 counts.

At least one other scattered light estimate is required to determine anm
interpolation formula like that usgd for the second order spectrum. The
additional estimate can be obtained indirectly by COmpAring the first and
second order spectra in the following way. The wavelengths between 1418.187
and 1&203510 have been scanned in both orders. These two spectra were fitted
together by linearly equating first order points to resolution-dggraded second
‘order points and determining the fitting constants by least squares. Qualitatively,
the coefficient of the linear term is equal to the ratio of spectrometer effi-
clencies in the two orders.at the mean wavelength of the fitting region,'and
the constant term is the difference between the first order scattered light
and the second order scattered light corrected fof the different efficiencies
and bandpasses of the two orders. The first order scattered light is then
deduced to.be 686 counts and refers to & mean wavelength of 1419.349 R,

The local signal averages computed for 1419.349 and 1526.719 Angstroms

are 241k and 575 counts respectively and refer to a bandpass of 36 Angstroms
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since the first order dispersion is just half of that for the second order.
The formula fitted to these data was used to compute scattered light values -
every flve Angstroms along the first order spectrum, and the resulting values
are given in Table 3b. The uncertainty in the scattered light estimate at
1420 £ is about 144 since this estimate is derived from the second order
scattered light estimate.at 1420 R (which has this uncertainty). The uncer-
tainty then decreases to 6% at 1526 R, and because of extrapolation, increeases
toward longer wavelengths reaching 51% at 1561 £. Linear interpolation in
Table 3b provides scattered light estimates that can be applied directly to

the data in Table 6.
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V. THE ATIAS

The atlas is presented both in graphs and tables. In preparing the
graphical form, a smooth artificial continuum, guided by the upper envelope
of the measured spgctrum, was established and.used for normalization. This
allows the spectrum to be presented everywhere on a scale of 0 to 1. The
reader 1s warned not to assume that the true stellar continuum lies at the
ordinate of ﬁnity. An attempt‘has'been made to control the wavelength scale
so that published graphs will have two centimeters per Angstrom. The
individual graphs each cover 9.5 Angstroms and overlap the preceding and
following graphs by 0.5 Angstroms. Because the scattered light is not always
gmall relstive to the signal, it was decided not to remove it from the mea-
surements but rather to display 1t on the graphs. It appears on each graph
as & nearly horizontal solid line below most spectral features. The data .
for these lines were determined from Tables 3a and 3b as described in section
IV and then normalized by the same artificial continuum as is used for the
spectrum. |

The tabular form of the data is given in Tables 5 and 6 for the second
and first orders respectively. The counts in these tables have not 5een
normalized but are the original observations corrected only for cosmic rays
and trapped particles and for guidance variations; scattered light has not

been removed. Small gaps may be noted in the wavelength coverage in Table 5.

These gaps are due to different Doppler corrections to the wavelengths resulting

from different satelliterorbital velocities before and after scaming was
interrupted by an observing constraint. These gaps are not present in Table 6
since an overlap scan was programmed following all scan interruptions in the

first order spectrum.
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The accuracy of the Atlas is believed to be quite good. In genersal,

the corrections applied to the counts are quite smooth on the scale of the

' observed spectral features. We believe the principle cause for all errors

to be .the statistical variation in the photon‘counting rates. Repeated
measurements by Ul and U2 during periods when the guidance and backgrouné
ére steady show fluctuations whose r.m.s. amplitude agrees with that expected
for the random arrival of photons. Thus the expected error in a count is
taken to be equal to the square root.of the count. Possible errors due to
the particle background estimates must be negligible since the background
counts themselves are negligible relative to the large stellar signal.

We have investigated as a function of wavelength the expected errors in
the counts in Tables 5 and 6 resulting from statistical fluctuations in the
observed Ul and U2 counts. As described in the Guidance Variations part of
section IV, four operations were performed on the U2 counts in preparing
them to be used for guidance monitoring. Each operation was analyzed for
ite effect on the statistical accuracy of U2. The U2 smoothing operation was
assumed to reduce the statistical errors in the observed U2 counts by a
factor of 10% since 10 or more consecutive U2 values were used in the smoothing
process. The relative statistical errors iﬁtroduced by these four operations
were combined quadratically. Finally, the relative errors in the Ul counts
and the corrected U2 counts were combined quadratically to estimate the total

uncertainty.
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The uncertainty of any point in the Atlag can be estimated from
the formuls:

o=1lx (Ul'l + x)*

where ¢ is the uncertainty (in counts), Ul is the count rate from Table 5
or Table 6 and X is a corfection to be found-from Table L and represents
the effect on Ul of the uncertainty in U2 introduced by the monitoring
procedure,

Except for unrecognized sources of systematic errors, we feel that
uncertainties calculated using Table 4 conservativelj represent the
accuracy of the data presented in Tables5 and 6.

Magnetic tapes containing the data in Tables 5 and 6 are gvailable by
application to the National Space Science Data Center at the Goddard  Space

Flight Center in Greenbelt, Maryland.

The preparation of this atlas was supported by contract NAS5-1810 with

the National Aeronautics and Space Administration.
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IOTA HERCULIS UV SPECTRAL ATLAS

72-065A-01C

This data set has been restored. There was originally one 9-track,
1600 BPI tape written in Binary. There is one restored tape. The DR
tape is a 3480 cartridge and the DS tape is 9-track, 6250 BPI. The
original tape was created on a 360 computer and the restored tape was
created on an IBM 9021 computer. The DR and DS numbers along with the

corresponding D number are as follows:

—-— —— e - - —— -

DR004913 DS004913 D037988 1 -3
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I10TA HERCULIS UV SPECTRAL ATLAS

72-065A-01C

These data are contained on one 9-track, 1600 BPI, binary magnetic
tape created on an IBM 360 computer. The tape contains 3 files, File 1
is the second order spectrum; file 2 is the first order spectrum; and
file 3 contains a program to read files 1 and 2 and list them. The
spectral data are blocked at 10 logical blocks of 145 words per physical
record. The first word of each logical block contains the number of sets
of data *24, except for the last set of data) in the read. The format for -
the data is as follows:

WORD VARIABLE NAME DESCRIPTION
1 N Number of sets of data in the following read
2 (N) W Wavelength in Angstroms of a data point
3 (N) | C Corrected count rate for the wavelength point.

(Scattered Iight has not been removed)

4 (N) Cs Smoothed count rate computed at the wavelength
‘ point using & fourier smoother. (Scattered
light has not been removed).

S (M) SL Scattered light estimate derived by Rogerson
and Upson.
6 (N) CSN Normalized smoothed count rates as displayed

in the atlas with unity at the top of each plot.
7 (N) SIN SL normalized using the same normalization

factors as were used on CS above to compute CSN.

These data are detailed in the paper "The Copernicus Ultra Violet
Atlas of Iota Herculis." Walter L. Upson II and John B. Rogerson, Jr.;
Astrophysical Journal Supplement series, Volume 42, Number 1, January, 1980.

D-37998 C-20902

N
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OAQ 3
UV SPECTRAL ATLAS OF BETA ORIONIS
72-065A~-011

The data of this data set are contained on 3 files of one
% track, 1600 BPI, EBCDIC & BINARY formatted tape. It was creat-
ed on the IBM 360 computer. The program for reading the tape is
located in file 3, and is written in EBCDIC. Due to the type of
data, no time span is available. The D & C numbers are as follows:

D-71562 C-26686
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Princeton University Observatory PEYTON HALL

PRINCETON, NEW JERSEY 08544

April 26, 1982

Mr, Ralph Post

Code 601

Goddard Space Flight Center
Greenbelt, MD 20771

Dear Mr. Post:

Under separate cover, I am mailing to you a package as a submlttal
to the National Space Science Data Center. This represents the data for
"The Copernicus Ultraviolet Spectral Atlas of Beta Orionis", by John B.
Rogerson, Jr. and Walter L. Upson II to be published in the Astrophysical
Journal Supplement Series, Volume 49, Number 3, July 1982, The paper
concludes by saying that the Atlas will be available on tape from the
NSSDC.

The package contains a 9 track 1600 BPI tape of the data as well as
a printout of gome of the tape. The tape was written on an IBM 3033
computer and contains 3 files: (1) the second order spectrum, (2) the
first order spectrum, and (3) a program to read the tape. The blocking
of the files and the format of the data should be readily deduced from
the enclosed printout. Except for the data, the tape is in all respects
the same as that sent to you in March 1980 containing "The Copernicus
Ultraviclet Spectral Atlas of Iota Herculis",

If you have any problems or questions, please contact me.

Sincerely yours,
(}a{v\. 8. ﬂa?.Mm/jg't ‘ ",
John B. Rogerson, Jr.

JBR:ejj
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UV ATLAS OF GAMMA PEGASI
72-065A-01K

The data of this data set are contained on 3 files of one
9 track, 1600 BPI, ASCII formatted tape. It was created on the
VAX 8200 computer. The documentation is contained on file 3.
Due to the type of data no time span is available. The D & C

numbers are as follows:

D-76347 C-26668

UV ATLAS OF SIRIUS
72-065A-01L

The data of this data set are contained on 7 files of one
9 track, 1600 BPI, ASCII formatted tape. It was created on the
VAX 8200 computer. The documentation is contained in file 1.
Due to the type of data no time span is available. The D & C

numbers are as follows:

D-76348 C-26669

| T
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This file describes how to read the data tape for

"the Copernicus Ultraviolet Atlas of Gamma Pegasi", by

John B. Rogerson, Jr.: Astrophysical Journal Supplement Series
Volume 57, number 4, April, 1985.

The tape is nine-track, 1600 bpi, and written in ascil by a UNIX
cperating system on a VAX 8200. Each record is terminated by a
newline character whose ascii decimal code is 10. Physical tape
records are blocked to 512 bytes.

The tape contains three files. File 1 is the second-order spectrum,
file 2 is the first-order spectrum and file 3 is this description
file.

k ok ok ok ok ok ok k ok ok ok k ok kX Kk k * k Kk Kk k Kk *k *x * Kk *k *k kX *k * *x * k Kk *k %

File number one —— the second-order spectrum. 969.932-1430.177 Ang.

* % k% *k k* * Kk * k Kk Kk * *k *x Kk k Kk * k ¥ % *k *k k¥ * k k kx k* k k Kk k *k *k k %

The variables in file 1 have the following meanings and are in direct
agreement with the numbers used in preparing and presenting the atlas.

W The wavelength in angstroms of a data point.

C: The corrected count rate for that wavelength point.
(The scattered light has not been removed from c.)

cs: The corrected count rate as smoothed using the
Fourier smoother described in the paper.

sl: The scattered light estimate.

csn: The smocthed count rate, cs, normalized as described in the
paper.

sln: The scattered light estimate, sl, normalized using the same
normalization factors as were used on cs to compute csn.

Each record of file 1 contains 44 bytes. The variables w,c,cs,sl,csn
and sln are written with the fortran format, (1x,f8.3,3f7.1,2f7.4)

There are 21699 records in file 1.

* k% ok k ok ok ok ok k kA ok k ok k k ok k% Kk Kk Kk k Kk k k k kx * %k k Kk * * * *k %k k %

File number two —— the first order spectrum. 1417.040-1501.398 Ang.

* ok ok ok ok Kk ok k kK x k k k Kk Kk Kk k ok k k k Kk k k kK k *k k * Kk kX ¥ *k * % % %

The variables in file 2 have the following meanings and are in direct
agreement with the numbers used in preparing and presenting the atlas.

B The wavelength in angstroms of a data point.

C: The corrected count rate for that wavelength point.
{The scattered light has not been removed from c.)

sl: The scattered light estimate.

cn: The corrected count rate, ¢, normalized as described in the
paper.
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sln: The scattered light estimate, sl, normalized using the same
normalization factors as were used on ¢s to compute csn.

Each record of file 2 contains 37 bytes. The variables w,c,sl,cn
and sln are written with the fortran format, (1x,f8.3,2f7.1,2f7.4)

There are 1609 37-byte records in file 2,

* k kK Kk Kk k k k Kk Kk k k k k k¥ kx *k *k %k Kk k k Kk k Kk k * &* k Kk *k ¥ k ¥ ¥ * * *

File number three —— the ascii versiocn of this printout.

* k k k Kk k k k k k x Kk k k k k k *k kx Kk *x *k kx *k k *k &* k k *k * *k * * *k * *k *%

The records of file 3 are of variable length and terminated by
the newline character, as noted above.

There are 76 records in file 3.
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This file describes how to read the data tape for

"The Copernicus Ultraviolet Spectral Atlas of Sirius", by

John B. Rogerson, Jr.: Astrophysical Journal Supplement Series,
Volume 63, number 2, February, 1987.

The tape is nine-track, 1600 bpi, and written in ascii by a UNIX
operating system on a VAX 8200. Each record is terminated by a

newline character whose ascii decimal code is 10. Physical tape
records are blocked to 512 bytes.

The tape contains seven files. File 1 is this description file.

file 2 contains the counts for the vacuum spectrum, file 3 contains
the normalizing continuum and the scattered light values for the
vacuum spectrum, file 4 contains the identification table for the
vacuum spectrum, file 5 contains the counts for the air spectrum, file
6 contains the normalizing continuum and the scattered light values
for the air spectrum, and file 7 contains the identification table for
the air spectrum.

k %k k k k k k Kk k k k k k k k * %k k * * k k * *k * k¥ kx *k * * k *k * kx k * %

File number one —— the ascii version of this printout.

k k k kK x k k% k % k k* k *x k % k k kK k k X kK kX k k k k k& * k *x Kk Kk % *x % %

The records of file 1 are of variable length and terminated by the
newline character, as noted above.

There are 170 records in file 1.

* ¥ X x k*k k k¥ kx k*k k k k kK kK kK kK k k ¥ k¥ k % k¥ x k k Kk % % k¥ * *x * *x *x & X

File number two —— the vacuum spectrum.

k * % % *x k x k¥ * k x * * k k k Kk k kK k% Kk Kk k k * k¥ *x k k *x kx * & * ¥k *x *

The variables in file 2 have the following meanings and are in direct
agreement with the numbers used in preparing and presenting the atlas.

w: The wavelength in angstroms of a data point.

c: The corrected count rate for that wavelength point.
(The scattered light has not been removed from c.)

cns: The corrected count normalized and smoothed for plotting in
the vacuum atlas.

Each record of file 2 containg 21 bytes. The variables w,c, and cns
are written with the fortran format, (1x,£8.3,1i6,£6.3).

There are 7119 21-byte records in file 2.

¥ k Kk k k k k k k k Kk *k kK k k *k %k Kk %k k k k %k k k k k k k k k x k Kk * k * *

File number three —— the normalizing continuum and estimated scattered
values for the vacuum spectrum.

k* ok ok k k k k Kk Kk k Kk k k k k k Kk k kx k k Kk Kk * *x *x *k *k %k *k k *k * * Kk x * *x
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The variables in file 3 have the following meaning;
w: Wavelength values to specify the location of the values for
the normalizing continuum and the estimated scattered light.
nc: Normalizing continuum values on the same scale as "c" in

file 2.
sc: Scattered light estimate on the same scale as "c" in file 2.

Each record of file 3 contains 17 bytes. The variables w,nc, and sc
are written with the fortran format, (1x,i4,1x,i6,1x,i4).

There are 74 17-byte records in file 3.

k kK k ok kK Kk k k k * k * k Kk k¥ Kk *k Kk k * k k k¥ Kk k k Kk kX ¥ x k kX k kx k k ¥ %

File number four —— the identification table for the vacuum spectrum.

* k k x k Kk k% k* * * Kk k k * * *x k k Kk k k x k Kk k¥ Kk Kk Kk *k * %k k k * &k x * *

The variables in file 4 have the following meanings:

WO: The observed wavelength in Angstroms.
wl: The laboratory wavelength in Angstroms.
ci: The line central intensity as it appears in the atlas.

elt: The element associated with the "wl" line.
ion: The ionization level of "elt".
mult: The multiplet number associated with the "wl" line.

S: The computed line center strength index as described in
Ap.J.Suppl.58,265,1985.
rem: The remark code for the suggested identification —— see the

Sirius Atlas paper for code meanings.

Each record of file 4 contains 42 bytes. The variables wo,wl,ci,elt,
ion,mult,S,and rem are written with the fortran format,
(aB,a8,a4,a3,a4,a7,a5,a3).

There are 1351 42-byte records in file 4.

* k k k *k k k *k * ®x k k k k Kk k k *k * *k Kk * k x *k k k k k Kk k k k k *k * %k

File number five —- the air spectrum.

x % k Kk k k kK k *k *k % k * k k k k * k k * k k k Kk kK k Kk * k *k k * *k ¥ ¥ *

The variables in file 5 have the following meanings and are in direct
agreement with the numbers used in preparing and presenting the atlas.

W The wavelength in angstroms of a data point.

C: The corrected count rate for that wavelength point.
{The scattered light has not been removed from c.)

cns: The corrected count normalized and smoothed for plotting in
the air atlas,
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Each record of file 5 contains 21 bytes. The variables w,c, and cns
are written with the fortran format, (1x,£8.3,1i6,£6.3).

There are 28062 2l-byte records in file 5.

X k k * k k Kk k kx Kk k %k % k kK kK k kK k* k F * k *x k * &k k% Kk Kk *k *k *k * & & % %

File number six —— the normalizing continuum and estimated scattered
values for the alr spectrum.

* ok ok ok Kk ok ok k k Kk k Kk * k k Kk kX k %k Kk *k k ¥ Kk k k k¥ k Kk *k Kk k k k * *k * *

The variables in file 6 have the following meaning;

Wi Wavelength values to specify the location of the values for
the normalizing continuum and the estimated scattered light.

nc: Normalizing continuum values on the same scale as "c" in
file 5,

sc: Scattered light estimate on the same scale as "c" in file 5.

Each record of file 6 contains 17 bytes. The variables w,nc, and sc
are written with the fortran format, {(1x,i4,1x,i6,1x,i4).

There are 236 17-byte records in file 6.

k k Kk k Kk k* *k k k k k k %k *k * k * Kk *k * k k &k k *k kx k *k k Kk *k K& k * *k * * *

File number seven —— the identification table for the air spectrum.

k Kk k k Kk k Kk k k k *x k k k Kk *k k% k %k *k kx k * *x *k *k *k * k x k *x *k *k * * * *

The variables in file 7 have the following meanings:

WO: The observed wavelength in Angstroms.
wl: The laboratory wavelength in Angstroms.
ci: The line central intensity as it appears in the atlas.

elt: The element associated with the "wl" line.
ion: The ionization level of "elt".
mult: The multiplet number associated with the "wl" line.

S: The computed line center strength index as described in
Ap.J.Suppl.58,265,1985.
rem: The remark code for the suggested identification -- see the

Sirius Atlas paper for code meanings.

Each record of file 7 contains 42 bytes. The variables wo,wl,ci,elt,
ion,mult,S,and rem are written with the fortran format,
(aB,aB,ad,a3,ad,a7,a5,a3).

There are 4089 42-byte records in file 7.

11
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